Abstract-A carrier-based synchronous type single phasephase synchronous inverter (S-PSI) is proposed to develop the inverter output phase and voltage waveform. The major problem of the microgrid connected inverter is unbalanced DC supply, high switching loss, power quality and phase error. Therefore, to overcome those issues, a phase synchronous technique can perception not only conventional DC to AC inverter but also low-frequency inverter source ripple current reduction with lower switches of the inverter. However, a carrier-based synchronous PWM control technique is proposed for capable of regulating both side of the inverter input and output performance. The working performance of the S-PSI is analyzed, including steady-state behavior, efficiency, and circuit parameters. As well, the equivalence of the switching control technique and the similarity of inverter evaluate circuit parameters are exposed between this S-PSI and a traditional two-level inverter. In addition, lowpass LCL filters are utilized to convert squire wave to sine wave with same frequency and to reduce the higher harmonic distortion of the microgrid voltage. Balanced resistive load of = 11ȍ for star configuration and input DC voltage, ± 340V have assume to design the inverter. From the simulated results, the carrier-based S-PSI systems are developed the phase error of 55%, reduced 11% of THD and the conversion efficiency of 97.02%. Finally, it highly appreciated that the proposed design will improve the microgrid system.
INTRODUCTION
Microgrid connected single-phase inverters are more efficient balanced energy system which are PV system, wind turbine, fuel cell, tidal and so on [1] . Therefore, a large amount of the inverter output switching ripple is increased in the output frequency which can be affected by the inverter input DC source. In this case, some input current ripple can be created too much low frequency which can degrade the power quality and system performances. For example, it can degrade the control in PV systems [2] ; it will be decreased the efficiency and lifetime of fuel cells in Gencell [3] ; it may be enhanced battery backup aging battery storage energy systems. Traditionally, the PV system is an infinite source of energy which is generated by PV cell must usage instantaneously, otherwise, there is required the bulky size of battery storage systems. It is expensive and maintaining issue. To overcome that nowadays many PV systems are connected through common local networks knowing as a micro-grid system [2] . These systems have some limitation. The main drawback is required to take steps to ignore the low-frequency current ripple flowing into input DC supply, low the output power, high initial cost and a large area. Therefore, carrierbased synchronous control S-PSI using renewable energy system is more efficient and economical.
Multifunction techniques in dropping the S-PSI lowfrequency supply distorted current has been exposed in the earlier publications [1] [4] . A lowpass LCL microgrid filter circuit can be included to reduce the low-frequency distorted current. For instance, the input DC capacitance is improved in [5] , and a lowpass LCL microgrid filter is injected to the inverter input side in [6] . Nonetheless, it is more complexed to maximize the weight and size of the system in this technique. On the other hand, by including an appropriate switching circuit and logic controller, the vibrating power is diverted to extra storage specific energy element [7] : a buckboost DC to DC converter is included in the inverter input DC side and operation as an input filter of active power in [8] ; The study [9] carried out a unique low-frequency distorted compensator which is in sequence with the novel inverter; A secondary phase terminal is included in [10] , and the total energy from the input inverter side can retain constant by appropriately monitoring the current of additional phase terminal. While these approaches can successfully overpower the input frequency ripple current, the additional inverter switches and circuits may lead to an increase in cost, power losses and regulator difficulty.
In addition, the carrier base synchronous inverter is mostly focused on, which is chosen in the applications such as wind turbine, fuel cell, battery, PV and tide systems. A carrier base synchronous inverter depends on switching logic is preferred and utilized for microgrid electromechanical drive in [11] , and a voltage and current-loop regulator is considered which can find a moral DC ripple performance. Furthermore, the model inverter equivalent circuit and control approach is very complicated when since the electromechanical concert, and not appropriate for the power supply systems. Authors in [12] investigated that an S-PSI which can boost along with overpowering low-frequency DC ripple current. However, the constant modulation index is assumed for the boost stage, which is fundamentally an open-loop regulator. The effect of input DC ripple current decrease completely depends on the input filter; thus, filter component of the capacitance requirement is relatively large.
In this paper, carrier-based synchronous PWM controllers are more essential to reduce switching loss, reduction ripple, improve the phase angle and the system efficiency. In addition, microgrid lowpass LCL output filter is widely used because it is used less power transmission, simple, reliable and cheap [10] . This paper shows some study from the further characteristics of the S-PSI represented in [13] . Several from the interpretation in [10] , the focus of this paper is to evidently expose the equivalence of control method and the comparison of circuit element rating between this S-PSI and a traditional two-level inverter by creating a difference. The difference investigation is also created it easier to comprehend the analysis and design of the S-PSI.
II. S-PSI CIRCUIT CONFIGURATION AND ANALYSIS
The construction and working principle of S-PSI circuit is illustrated in Fig. 1 . The inverter output terminal can be connected to the output LCL filter which is connected to microgrid or load. The inverter DC voltage source of ܸ obtaining a midpoint 'o'. ‫ܮ‬ ̴௩ and ‫ܫ‬ are the input filter inductor and current through it. ‫ܥ‬ ̴௩ and ‫ݒ‬ are represent input filter capacitor and the capacitive voltage on it. ܸ ை̴ெீ and ݅ ௧ ை̴ெீ are the microgrid voltage and current form the inverter output lowpass filter. ݅ ̴௩ is the current flowing through the microgrid inductor ‫ܫ‬ ை̴ெீ . The phase leg of a half phase inverter terminal formed by ଵ and ଶ can complete inverter input side are multi connected to DC to DC converter. While the one-half phase inverter terminal formed by ଷ and ସ are connected to the inverter output filter which is converted DC to AC power with the DC to DC terminal cooperation. The inverter output voltage and current are assumed by the following Eq. (1) and (2) [13] .
where the inverter power factor is ߮ and the fundamental frequency is ߱ . Then ݅ ̴௩ and ܸ can be determined by Eq. (3).
Eq. (3) suggests that only ܸ െ ܸ requirements to be measured, whereas the values of ܸ and ܸ are unconstrained. If the input distorted current is ripple free, at that point the inverter input source should only be suggested the constant power, and the inverter input filter of the capacitor must be created all the vibrating power. Consistent with the modify power of the S-PSI, the determination of ‫ܫ‬ ̴௩ ǡ ݅ and ܸ can be considered as the following Eq.
Where ܸ ̴̴ை is the DC component in ܸ . In this case, the higher frequency distortion harmonics is avoided. The voltage on the input filter the inductor of ‫ܮ‬ ̴௩ is approximately to zero when avoiding the higher harmonics frequency distortion in ‫ܫ‬ . where, ܸ and ܸ can be gained as the following Eq. Fig. 2 illustrates the S-PSI main waveforms based on Eqs. (1), (5), (7) and (8) . The inverter input source ripple voltage is kept small by appropriately designing the inverter input filter capacitance.
Fig. 2. S-PSI main waveforms
The estimated determinations of the duty cycles of inverter upper switches such as ଵ and ଷ . Hence, the flywheel diode which are ଵ and ଷ expressed by the following Eqs. (9) and (10) .
Based on the duty cycle of the upper switch of ଷ , the currents flowing through each switch is assumed in the system as the following Eqs. when avoiding the even higher harmonics frequency distortion. The current reference directions are determined in Fig. 1 .
From Eqs. (11) and (12), the inverter output currents flowing through inverter switches such as ଷ and ସ primarily contain inverter input source, essential and even harmonic parameters. In Eqs. (13) and (14), the currents flowing through ଷ and ସ only consist of inverter input source and fundamental frequency components. The technique of carrierbased synchronous switches consents to gain the transfers functions essential for the proposed design of the S-PSI controllers of the different parameter of the microgrid connected power inverter system [13] [14] . The consideration parameters with this inverter are set that the dynamic model of the S-PSI is same to a circuit voltage source inverter, enchanting into justification the point of the process is operated periodic signals modifications in the time of 50 Hz as shown in Table I .
III. DESIGN OF A SWITCHING CONTROLLER
S-PSI switching topologies are normally utilized to work the power switches. The output and input port reference signal are taken the controller to create the carrier based synchronous switching pulses signal [13] . Fig. 3 represents the carrier base synchronous PWM for S-PSI, which can be divided into two steps. The step one upper level is inverter switches control which switches the inverter power alteration, and the other step lower is converter control which is in control of the inverter source voltage boosting. According to the Fig. 3 , ‫ܩ‬ ୍ሺ௦ሻ is proportion-integral (PI) controller and ‫ܩ‬ ሺ௦ሻ is the moving average filter. The inner current loop is involved to attain the inverter input source current waveform. The PI controllers are assumed by two loops, which are defined as ‫ܩ‬ ୍ିሺ௦ሻ and ‫ܩ‬ ୍ି୍ ሺ௦ሻ , respectively. The outer loop controller of the output signal is the reference of inner loop, which is defined as ‫ܫ‬ ̴௩ ᇱ . However, a small amount of even harmonic component in the input inverter source voltage of େ . The even harmonic frequencies component will be fed into the PI regulator ‫ܩ‬ ୍ିሺ௦ሻ , and improved by it. At that time a huge quantity of even frequency harmonic distortion component was seem in ‫ܫ‬ ̴௩ ᇱ . Lastly, over the inner loop control, there was exist a large amount of low harmonic distorted frequency in the inverter source current of ‫ܫ‬ ̴௩ whereas no stages are employed. To reduce the low frequency harmonic distortion component in ‫ܫ‬ ̴௩ ᇱ and ‫ܫ‬ ̴௩ , the open-loop increase of outer loop voltage at 2f is reduced. A moving average filter is used for removing even frequency harmonic and its multiple harmonics in inverter source current reference ‫ܫ‬ ̴௩ ᇱ . Fig. 3 . Control block diagram of an S-PSI [13] In addition, it is employed to outer voltage loop controller which can be defined as Eq. (15) in s-domain [14] :
Where ܶ ௦ = 10μs, is the sampling time of switching, ݂ ௦ is the sampling frequency and ܰ ௦ is the samples number are assumed by the filter in a fundamental period. The smallsignal equivalence circuit and control block diagram of S-PSI is depicted in Fig. 4 . The power stage, open loop transfer functions which relate the inductor output current with the duty cycle of ‫ܩ‬ ೀ ̴ௗሺ௦ሻ and the inverter output voltage with the duty cycle ‫ܩ‬ ୭̴ௗሺ௦ሻ are take out from the S-PSI dynamic models represented. [13] . The is denoted the duty cycle-to-input-current transfer function are expressed as
Where ௬ ሺ‫ݏ‬ሻ is the digital controller delay effect and it is defined as ௬ ሺ‫ݏ‬ሻ = ିǤଵ் ೞ ௦ . The open-loop transfer functions of outer voltage loop and inner the current loop are expressed in following Eqs. (18) and (19).
Initially, the crossover frequency is chosen at approximately 1kHz to keep the open loop gain at 2f higher sufficient for the inner current loop whereas the phase margin is predictable to higher than 60° to sustain this loop stable.
IV. OUTPUT FILTER DESIGN
The output LCL filter is added to decrease high-frequency harmonics on the microgrid side, then a normal filter quality can be generated small reduction related to what is predictable because of oscillation effects. In fact, the DC current ripple may cause an overload of the filter resonance. Hence, the inductors should be appropriately calculated considering DC ripple current, and the filter should be damped to ignore resonances. Nevertheless, the damping level is controlled by degradation of the filter performance, losses, the value of the inductors and cost. Fig.5 has presented a filter, LCL type, a circuit which is the combination of inductor and capacitor [12] . 
Where, ‫ܧ‬ ି ଶ is the phase to phase rms voltage, ߱ is the microgrid frequency and ܲ ̴ is the active power entranced by the rated power. The microgrid filter resonant frequency is indicated to the switching frequency value define as Eq. (22).
where ߱ ோாௌ is filter resonant frequency, k is the factor expresses and ߱ ௌௐ is the switching frequency. Therefore, the inverter harmonic voltage, at the switching frequency, is ܸ ௩ ೞೢ ሺ݄ሻ ് Ͳ and the microgrid harmonic voltage, at the switching frequency, is ܸ ெீ ೞೢ ሺ݄ሻ ൌ Ͳ .The DC current ripple flowing through the inverter output side into the microgrid side, can be determined with the following Eq. (23).
is the inverter switches switching frequency and ݄ ௦௪ ൌ ߱ ௦௪ ߱ ൗ is the inverter output switching harmonic order. The ripple current introduced by the lowpass filter is actual only if the LCL is appropriately damped. Then, the resonance of the LCL filter is created with a higher ripple current. One damping method, a series resistor relates to the shunt capacitor. The design of the LCL filter depends on the current-controlled system as define Eq. (24) and the losses can be calculated as Eq. (25).
where the skin effect is neglected. Finally, an LCL filter should be some problemed at low-frequency fundamental harmonics. The filter efficiency depends on the switching frequency and ripples current tracking ability is deepened by the reactive power absorbed by capacitors. The resulting concert issues are utilized to validate the output microgrid filter efficiency whereas the first three are low switching frequency pointers and the last two are high switching frequency pointers [3] .
V. RESULTS AND DISCUSSION
The simulated results are equated with the performance of the S-PSI using a carrier-based controller that is turned to provide the optimum output voltage. The inverter output rated RMS phase to phase voltage is 230V, the inverter DC source voltage is ±250V, the delay is 20μs, the sample is 4k/cycle and modulation index is assumed. The input DC to DC converter terminal, the outer voltage loop parameters are ݇ ௨̴ଵ௦ of 0.3, ݇ ௨̴ଵ௦ of 1.35 and the MAF is represented as Eq. (15) Is standard by a switching delay in the 10μs scheming to a positive response makes a high improvement to the switching delay in 20μs as represented in Fig. 6 . Fig. 7 illustrated that the steady-state simulated waveforms of S-PSI input DC link voltage of 340V. The parameters for power switching loss of the S-PSI is close to but slightly larger than half of the one in the conventional inverter. The S-PSI has a higher input DC link voltage which may lead to a larger switching loss of IGBT. The power losses are, respectively, calculated such as the input DC inductor ESR of 0.54 , the input DC side inductor of 4mH, DC bus capacitor ESR of 0.216 and the input DC link capacitor of 578݁ ିସ F. Without filtered condition of the S-PSI, the switching control parameters in simulated that are utilized to verify the theoretical equations and provide the maximum signal as demonstrations in Fig. 8 and Fig. 9 . In the steady state analysis, it is observed that the inverter output voltage is a carrier-based PWM signal which pulse amplitude is approximately 680 and the current is approximately ±200A. These results illustrations that the simulated results have a great agreement with the attained results using simulated and theoretical. The dynamic performance was analyzed by using a step response in the current and voltage reference during the filtering conditions. The output signals are passed through the output LCL filter which is converted square wave into pure sine wave as denoted in Fig. 10 and Fig. 11 . From the analysis of the S-PSI output voltage after filtering condition, it is noticed that the microgrid magnitude are approximately 220 ோெௌ peak to peak whereas the load resistance of 11. In addition, the output microgrid current waveform is presented in Fig. 12 after filtering condition. It is clearly seen that the microgrid current is approximately 20.18 ோெௌ peak to peak whereas the duty cycle of 95% at t= 0.1s and sample per cycle 4000. Fig. 11 . The waveform of the microgrid current with LCL filtering Fig.12 shows the FFT for inverter output voltage and current waveforms attained by utilizing the carrier-based S-PSI. Without the filtering condition, the inverter output THD voltage is 12.65% while output current THD of 12.19%. However, the determined S-PSI voltage and current have some low-frequency harmonics distortion, with about a 12.4% amplitude relative to the fundamental. With the filtering condition, the FFT of microgrid magnitudes are very close such as a voltage of 1.98% and current of 1.98%, respectively, as exposed in Fig. 13 . It is clearly noted that using microgrid filter to reduce THD which is more than 11% of THD error. From the frequency analysis, it is observed that the inverter phase angle is almost synchronized as microgrid phase which is approximately 4.67° of phase angle error whereas the frequency is 52Hz. The S-PSI phase error is almost the same as microgrid phase due to carrier-based synchronous control in which the phase error is 55% improvement of the system. Fig. 15 shows the Nyquist plot for a second-order system of the S-PSI stability analysis. It is found that the closed loop or open loop transfer function has two zeros in the right half plane which equivalently has two poles. The following sets of simulated results are validated as generated by the point prediction with the target of maximizing conversion efficiency with reduce harmonic distortion and improved phase synchronize in Table 2 . Finally, the S-PSI system dynamic response has been verified by step changing of the microgrid load from 87.58% to 100%. From the Table, it is clearly observed that the proposed design phase angle is 2.53°, but others can be considered in this issue. Therefore, the maximum value is achieved at around 97.02%.
VI. CONCLUSIONS
In this paper, the performance of carrier-based synchronous controller for S-PSI is analyzed by simulated. Its performance in relations harmonics, transient response, and steady-state error are compared with a carrier-based synchronous controller. In the analysis of carrier-based synchronous controller, the phase angle was improved at 4.67° which is 55% lower than the maximum allowable angle (Phase angle 5°) as per IEEE standard. The output voltage and current of the THD were reduced from 12.42% to 1.98%. In this case, the proposed S-PSI system suggested that the design was more significant because of the maximum allowable THD (THD <5%) as per IEEE standard. From the simulated results, it is noted that the S-PSI overall system efficiency is 97.02%. Finally, simulated results verified that carrier-based synchronous controller is higher in terms of sinusoidal voltage and current reference tracking with zero steady-state error, very low total harmonic distortion and slightly slower transient response.
